Introduction
For the past 45 years now, the synthesis of exotic molecular compounds, such as catenanes, [1] rotaxanes, [2] knots, [3] and Borromean rings, [4, 5] with aesthetically appealing [5] and potentially useful [6] structures have been proceeding apace. During the same period of time, the synthetic protocols employed by chemists have evolved from being all but statistical [7] in the beginning, to progressively covalent, [8] coordinative, [9] and noncovalent [10] templating [11] strategies under both kinetic [12] and thermodynamic [13] [14] [15] [16] [17] control. In general, the syntheses of interlocked and intertwined molecular compounds that rely upon coordinative and noncovalent templating strategies come about with the aid of molecular-recognition motifs [18] that induce the self-assembly [19] of certain components to first of all form a complex. Although the formation of such complexes are more often than not under thermodynamic control, the final and crucial step in the synthesis of compounds with one or more mechanical bonds is usually kinetically controlled. This sequence of events has been described [20] as supramolecular assistance to covalent synthesis. One hopes the majority of the final product, which is kinetically "fixed", is the desired product, for, if not, there is no going back from unwanted byproducts lacking mechanical bonds. In essence, the fate of the synthesis is sealed once and for all.
Dynamic covalent chemistry [21] has been exploited in the template-directed syntheses [11] of both catenanes [16, 17] and rotaxanes [16, 17] and it comes into its own in the construction of
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The template-directed construction of crown-ether-like macrocycles around secondary dialkylammonium ions (R 2 NH 2 + ) has been utilized for the expedient (one-pot) and highyielding synthesis of a diverse range of mechanically interlocked molecules. The clipping together of appropriately designed dialdehyde and diamine compounds around R 2 NH 2 + -containing dumbbell-shaped components proceeds through the formation, under thermodynamic control, of imine bonds. The reversible nature of this particular reaction confers the benefits of "errorchecking" and "proof-reading", which one usually associates with supramolecular chemistry and strict self-assembly processes, upon these wholly molecular systems. Furthermore, these dynamic covalent syntheses exploit the efficient templating effects that the R 2 NH 2 + ions exert on the macrocyclization of the matched dialdehyde and diamine fragments, resulting not only in rapid rates of reaction, but also affording near-quantitative conversion of starting materials into the desired interlocked products. Once assembled, these "dynamic" interlocked compounds can be "fixed" upon reduction of the reversible imine bonds (by using BH 3 ·THF) to give kinetically stable species, a procedure that can be performed in the same reaction vessel as the inital thermodynamically controlled assembly. Isolation and purification of the mechanically interlocked products formed by using this protocol is relatively facile, as no column chromatography is required. Herein, we present the synthesis and characterization of 1) a [2] rotaxane, 2) a [3] rotaxane, 3) a branched [4] rotaxane, 4) a bis [2] rotaxane, and 5) a novel cyclic [4]rotaxane, demonstrating, in incrementally more complex systems, the efficacy of this one-pot strategy for the construction of interlocked molecules.
Keywords: dynamic covalent chemistry · imine formation · molecular recognition · noncovalent interactions · reductive amination more intricate mechanically interlocked molecular compounds. [5, 6] The chief attribute of the thermodynamic approach over the kinetic one is the fact that the former operates under equilibrium control. As such, the formation of undesired kinetic byproducts can be recycled in the direction of the most stable mechanically interlocked molecular compound. Proof reading and error checking operate in conjunction with synthesis in a remarkably efficient manner. Numerous successes [15] [16] [17] during the past 10 years have demonstrated the potential of dynamic covalent chemistry [21] for synthesizing compounds consisting of two or more components that are associated with one another by virtue of mechanical linkages only. Particularly when it is template-directed, [11] the appeal of this particular brand of synthesis lies in the fact that dynamic covalent bonds combine the robustness of covalent bonds with the reversibility of noncovalent bonding. And so it is for these reasons that the reversible and/or exchangeable character of acetal, [13] ester, [14] and disulfide [15] bond formation, of labile metal-ligand coordination [16] and carbon-carbon bond formation during metathesis [17] have, among others, played a key role in the development of the chemistry of the mechanical bond.
Despite the fact that there are now numerous examples [13, [15] [16] [17] [18] reported in the literature describing the use of reversible reactions for the preparation of [2] catenanes and [2] rotaxanes, the application of dynamic covalent chemistry [21] to the construction of higher order catenanes and rotaxanes, as well as mechanically interlocked compounds beyond catenanes and rotaxanes, [22] has remained largely unexplored [23] up until imine bond [24] formation and exchange (Scheme 1) was exploited by us. [25, 26] Following our recent demonstration [4, 5] of the near-quantitative self-assembly of a Borromean ring compound from 18 components by the template-directed formation of 12 imine and 30 dative bonds associated with the coordination of three interlocked macrocycles, each tetranucleating and decadentate overall to a total of six zinc(ii) ions, our confidence in the ability of imine chemistry to further the structural potential [27] of the mechanical bond is considerable. When an imine bond is formed by the condensation of an amine with an aldehyde, water is produced. In the presence of water, the reaction is reversible, that is, the imine is hydrolyzed to give back its amine and aldehyde precursors. In the presence of another amine, imines can undergo reversible exchange reactions to yield different imines. [26, 27] Finally, the imine bonds can be "fixed" by reducing them to secondary amines that are kinetically stable.
In our first investigations [25, 26] of [2] rotaxane formation under thermodynamic control, we used dynamic dumbbell components, in which both stoppers were attached to the rod section by imine bonds, in the presence of matching ring components. The yields of the rotaxanes never exceeded 50 %. By contrast, a more efficient pathway for the formation of a [2] rotaxane involves a clipping process [28, 29] in which a kinetically stable dumbbell component recognizes and binds the macrocyclic precursors and, in so doing, templates the formation of the macrocycle around the dumbbell component. The dynamic pathway that prevails during the formation of such a macrocycle containing two imine bonds [28] is much more efficient, with the outcomes being near-quantitative ones. In competition experiments, kinetic control is often found [29] to dominate in the initial stages of a reaction, giving way to thermodynamic control in the fullness of time.
The repercussions of going from forming two imine bonds remote from the recognition site in a dialkylammonium ion/ crown ether based rotaxane to one in which the secondary dialkylammonium center facilitates the formation of the two imine bonds is illustrated graphically in Figure 1 . In the first case, imine bond formation is not activated during the process of mechanical bond construction, whereas in the second case, the formation of the two imine bonds is part of the templation process leading to rotaxane formation.
In this full paper, we report the template-directed syntheses (in all cases > 95 %) and characterization by mass spectrometry in the gas phase and by NMR spectroscopy in solution of 1) a [3] rotaxane (with X-ray crystal structure), 2) a branched [4]rotaxane, 3) a bis [2] rotaxane (with X-ray crystal structure) and 4) a novel, jumbo-sized cycle incorporating a bismacrocycle mechanically interlocked with a bisammonium dication. In addition, we announce the use of BH 3 ·THF to "fix" the thermodynamically stable products as kinetically stable ones without the need for time-consuming purification procedures, such as chromatography: yields of 75-96 % are reported. 
Results and Discussion
In 2001 we reported [28] the synthesis of the [2] rotaxane [4-H]PF 6 as outlined in Scheme 2. In this template-directed [11] reaction, a macrocyclic diimine with a [24] crown-8 construction is formed by condensation in nitromethane (MeNO 2 ) of 2,6-pyridinedicarboxaldehyde (1) and tetraethyleneglycol bis(2-aminophenyl)ether (2) around bis (3,5-dimethoxybenzyl) 6 is by far the most thermodynamically stable product, presumably as a result of N + ÀH···N hydrogen bonding, CÀH···O interactions and, most likely, also aromatic p···p stacking interactions between the macrocyclic diimine and the active dumbbell component. [28] The imine bonds in [2] rotaxane [4-H]PF 6 were reduced with BH 3 ·luti-dine during a period of two days, to yield, after an involved workup procedure that included chromatography, the "fixed" [2] rotaxane [5-H] This protocol represents an efficient way of assembling a new class of mechanically interlocked molecular compounds from easily accessible starting materials. However, the acute toxicity of BH 3 ·lutidine, which has led to its removal from the market, and purification procedures, which become increasingly difficult to perform with higher order rotaxanes, were limiting the exploitation of this otherwise efficient imine clipping protocol for the construction of more complex mechanically interlocked molecular structures based upon the dialkylammonium ion/ crown ether recognition motif. [30] We have found recently, however, that the BH 3 ·THF complex (1.8 m BH 3 in THF) is an excellent substitute for BH 3 ·lutidine for the reduction of imine bonds in thermodynamically labile compounds. When the formation and subsequent "fixing" of the dynamic [2] rotaxane [4-H]PF 6 was repeated using BH 3 ·THF (ca. 2 equiv for each imine bond) complete reduction of the imine bonds was observed by 1 H NMR spectroscopy after only two hours instead of two days. Moreover, the kinetically stable [2] rotaxane [5-H]PF 6 was isolated as a pure crystalline powder in 86 % yield after deprotonation of the secondary dialkylammonium center by extraction with a mixture of aqueous sodium hydroxide solution and chloroform, followed by reprotonation of the residue from the chloroform extract with trifluoroacetic acid and anion exchange with a saturated aqueous solution of ammonium hexafluorophosphate. [31] The purification procedure does not require any time-consuming chromatography.
When a similar experiment was carried out using dibenzylammonium hexafluorophosphate [6-H]PF 6 as the template, the components assembled spontaneously (Scheme 3) to form the pseudorotaxane [7·6-H 2 ]PF 6 . Reduction of the two imine bonds in [7·6-H 2 ]PF 6 with BH 3 ·THF and deprotonation of the secondary dialkylammonium center of the template resulted in the isolation of the free macrocycle 8 in a yield of 80 %. The 1 chloromethane and hexane yielded single crystals suitable for X-ray crystallographic analysis ( Figure 3 ) which established the structure of the macrocycle beyond any doubt.
To establish the generality of this improved synthetic protocol, we have explored the synthesis of much more complex mechanically interlocked structures, such as a [3] rotaxane, a branched [4]rotaxane, and a bis [2] rotaxane. The bisammonium salt [9-H 2 ] [PF 6 ] 2 was obtained by using a well-established procedure [32] from commercially available p-xylylenediamine and 3,5-dimethoxybenzaldehyde. Subsequent addition of two equivalents of each of 1 and 2 to [9-H 2 ] [PF 6 ] 2 in CD 3 NO 2 resulted in the rapid assembly of a dynamic [3] rotaxane (Scheme 4), as indicated by the 1 H NMR spectrum (Figure 4 , top) of the sample recorded after a few minutes. Immediately thereafter, BH 3 ·THF was added with a syringe to this mixture and the reaction was monitored by 1 H NMR spectroscopy ( Figure 4 , bottom) until the peak associated with the four imine protons in the dynamic [3] rotaxane had disappeared (4 h) to yield [10-H 2 ] [PF 6 ] 2 . This compound was isolated as a pure crystalline powder in 80 % yield after the deprotonation/ reprotonation procedure previously discussed. [32] Single crystals, suitable for X-ray crystallography, were grown by liquid diffusion of EtOH into a solution of the [3] rotaxane [10-H 2 ] [PF 6 ] 2 in CHCl 3 . Its solid-state structure ( Figure 5 ) has crystallographic inversion symmetry. The inversion center lies at the middle of the p-phenylene ring in the dicationic dumbbell component. Each end of the centrosymmetric dumbbell component is threaded through the central cavity of one of the two ring components. Stabilization is achieved by a combination of N + ÀH···N, N + À H···O, CÀH···O hydrogen-bonding and aromatic p-p stacking interaction. The hydrogen atoms on both of the aminophenol-derived nitrogen atoms of the macrocycle were located by means of the difference maps and were found to be out-of-plane, giving a distorted tetrahedral geometry around both of these nitrogen atoms, which enter, one into N + ÀH···N hydrogen bonding, and the other into a CÀH···N interaction with the dumbbell component. The NH 2 + center in the dumbbell component has both of its hydrogen atoms involved in hydrogen bonding, one with the ether oxygen atom of the macrocycle and the other with an aminophenolderived nitrogen atom, as mentioned already. The centrosymmetric p-phenylene ring in the dumbbell is probably involved in rather weak p-p stacking interactions (centroidcentroid separation, 4.72 and mean inter-planar separation 4.15 ) with one of the aminophenol-derived rings in each of the macrocyclic components. The planes of the two aromatic rings are inclined at approximately 188 to each other.
Next, we applied the dynamic clipping-followed-by-"fixing" methodology in the synthesis of a branched [4]ro- Figure 6 . A comparison between the calculated mass distribution for the triplycharged species and the experimental data confirms the authenticity of [12-H 3 
The simple and efficient access to the branched [4]rotaxane is particularly interesting, since it opens the way to the convergent construction of mechanically interlocked dendrimers. [33] Indeed, by using a 2,6-pyridinedicarboxaldehyde incorporating in its 4-position a dendritic wedge, it is possible to obtain dendrimers by the clipping-followed-by-"fixing" approach in which each of the new branches is associated with a mechanically-bonded junction. [34] With a branched [4]rotaxane coming within our grasp so easily, we were curious to see if we could make jumbo-sized The synthesis of the tetraaldehyde 16, which was selected for this particular investigation, was carried out as shown in Scheme 6 following a procedure similar to that reported by Hosseini et al. [35] for the synthesis of a bis-tridentate ligand based on a combination of two pyridine and four thioether groups. Phosphorus pentabromide was generated in situ from phosphorous tribromide and bromine. The resulting yellow solid was added to chelidemic acid (13) , and the two solids were heated to 120 8C with thorough mixing. The reaction was quenched by the addition of MeOH to convert the acid bromide into the corresponding methyl ester 14. The ester functions were reduced (NaBH 4 ) and the resulting diol was oxidized using SeO 2 to afford the dialdehyde 15. Coupling two of these dialdehydes by using a modified Suzuki reaction and p-phenylenebisboronic acid gave the tetraaldehyde 16 in good yield.
Even although the tetraaldehyde 16 was easily accessible synthetically by using a high-yielding Suzuki coupling reaction, its terphenylene-based structure brings with it solubility problems. The compound is slightly soluble in pyridine, nitrobenzene, and nitromethane, and only sparingly soluble in acetonitrile and toluene. A 1 H NMR spectrum of 16 recorded in C 6 D 5 NO 2 reveals three extremely weak signals relative to the intense resonances corresponding to the residual solvent. The tetraaldehyde is virtually insoluble in all the other solvents, including Me 2 SO. Nonetheless, clipping reactions involving 16, 2, and the dumbbell template [3-H]PF 6 gave very encouraging results (Scheme 7). Since 16 is only partially soluble in CD 3 NO 2 , the clipping reaction was initiated by heating a suspension containing all three components for a few seconds with a heat gun. After heating and sonication, the solution became bright yellow and no solid residue remained in the flask. The resulting 1 H NMR spectrum ( Figure 7) indicates that the dynamic bis [2] rotaxane is formed in almost quantitative yield: in particular, the appearance of a sharp imine proton resonance (d = 8.27 ppm) is accompanied by the disappearance of the aldehyde proton signal at d = 10.14 ppm. Finally, reduction of the dynamic bis [2] rotaxane led to the isolation of the kinetically stable bis [2] Figure 8 . The structure has a crystallographic inversion center at the middle of the phenylene ring connecting the two halves of the bis [2] rotaxane. The centrosymmetric phenylene ring is disordered between two orientations (rotated about 378 along the axis) in an 80:20 ratio. A similar disorded distribution of the two orientations is also present around one of the oxygen atoms of the macrocycles. The dicationic dumbbell-shaped component is threaded through the central cavity of the crown ether and the resulting coconformation is stabilized by N + ÀH···N hydrogen bonds and CÀH···O interactions. The N + ÀH···N hydrogen bonds are between the NH 2 + centers on the dumbbell-shaped component and the aminophenol-derived nitrogen atoms. The C À H···O interactions are between both CH 2 groups in the dumbbell-shaped component and two of the oxygen atoms in the macrocycles. These interactions are further supplemented by CÀH···p bonds between the 3,5-dimethoxyphenyl rings of the dumbbell and the two CH 2 groups adjacent to the aminophenol in the ring component.
These results have encouraged us to try and assemble a yet more exotic mechanically interlocked molecular structure in which eight components cooperate to form a jumbosized cycle [18-H 4 6 ] 4 (Scheme 8) The tetraaldehyde 16 (2 equiv), the bis-aniline 2 (4 equiv) and the secondary dialkylammonium salt [9-H 2 ] [PF 6 ] 2 were mixed together in CD 3 NO 2 . As in the previous case, the clipping reaction needs to be initiated by heating the suspension containing the components. As a consequence of the nature of the precursors, polymeric materials or non-templated products could easily be the outcome. The 1 H NMR spectrum ( Figure 9 ) showed, however, no evidence for the presence of other compounds; only the dynamic mechanically interlocked compound is observed. All the proton signals can be assigned easily within the context of a dynamic jumbo-sized cycle. Reduction of the imine bonds by BH 3 ·THF resulted in the isolation of the kinetically stable interlocked compound [18-H 4 ][PF 6 ] 4 . The crude product could be further purified by recrystallization from EtOH to achieve a very pure sample of the branched [4]rotaxane. A portion of the 1 H NMR spectrum of the kinetically stable product is shown in Figure 9 . High-resolution electrospray mass spectrometry confirmed the proposed constitution of the mechanically interlocked compound.
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Conclusion
Simple and efficient syntheses are the key to taking a piece of chemistry from being just a curiosity to being something more substantial. The importance of the research described FULL PAPER in this full paper rests very much on this premise. We have found that, by using supramolecular assistance-which relies upon N + ÀH···O and N + ÀH···N hydrogen bonds and CÀ H···O, CÀH···N, and p···p stacking interactions-to reversible imine bond formation, the mechanical bond can be incorporated quickly and near-quantitatively at numerous different sites in mechanically interlocked molecules under thermodynamic control. The further discovery that BH 3 ·THF can be employed to carry out repeated reductive aminations with speed and accuracy overall represents yet another advance on the previous available methodologies. It seems likely that the NH 2 + centers, which act as templates for the production of the macrocycles with their two imine bonds, also activate imine bond formation, that is, the stereoelectronics associated with the whole process are good if not excellent. Last, but by no means least, the products with two secondary amine functions in their ring components can be isolated by a bulk extraction procedure without us having to resort to the use of chromatography. We have a way of making multiply mechanically interlocked molecular compounds on a gram scale.
Experimental Section
General methods: Reagents were purchased from Aldrich or synthesized as described in the literature. 2,6-Pyridinedicarboxaldehyde (1), tetraethyleneglycol bis(2-aminophenyl) ether [28] (2), bis-3,5-dimethoxybenzylammonium hexafluorophosphate [28] ([3-H]-PF 6 ), the trifurcated trisammonium salt [23] [11-H 3 ] [PF 6 ] 3 and 4-bromo-2,6-pyridinedicarboxyaldehyde [36] were all prepared according to literature procedures. Solvents were purified according to literature procedures. [37] Thin-layer chromatography (TLC) was carried out using aluminum sheets, precoated with silica gel 60F (Merck 5554). The plates were inspected by UV light, prior to their development with iodine vapor. Melting points were determined on an Electrothermal 9200 apparatus and are uncorrected. Proton and carbon nuclear magnetic resonance spectra ( 1 H NMR and 13 C NMR) spectra were recorded on Bruker Avance 500 or ARX 500 spectrometers, using the deuterated solvent as lock and the residual protonated solvent as internal standard. All chemical shifts are quoted using the d scale, and all coupling constants (J) are expressed in Hertz (Hz). Electrospray mass spectra (ESI-MS) were measured on a VG ProSpec triple focusing mass spectrometer.
[2]Rotaxane [5-H]PF 6 : A solution of 1 (10 mg, 0.074 mmol), 2 (27.9 mg, 0.074 mmol), and [3-H]PF 6 (34.3 mg, 0.074 mmol) in CD 3 NO 2 (1.5 mL) was stirred at room temperature for 5 min. A solution of 1.8 m BH 3 ·THF in THF (170 mL, 0.306 mmol) was added to the mixture and it was allowed to stir at room temperature for further 2 h. The solvent was then evaporated off and the residue was distributed between 2 m aqueous NaOH solution and CHCl 3 . The organic extracts were dried (MgSO 4 ) and the solvent was evaporated. The residue was dissolved in Me 2 CO and TFA (few drops) was added to the solution. After evaporation of the solvent, the residual oil was dissolved in a mixture of H 2 O and Me 2 CO and saturated aqueous solution of NH 4 PF 6 was added. The Me 2 CO was then removed and the aqueous solution was extracted with CH 2 Cl 2 several times. The organic extracts were dried (MgSO 4 ) and the solvent was evaporated to dryness to yield the [2] rotaxane [5-H]PF 6 as a white powder (60 mg, 86 %). Characterization of this compound is consistent with that reported in the literature. [28] Macrocycle 8: A solution of 1 (40 mg, 0.29 mmol), 2 (110 mg, 0.29 mmol), and [7-H]PF 6 (100 mg, 0.29 mmol) in MeNO 2 (5 mL) was stirred at room temperature for 5 min. BH 3 ·THF (1.8 m in THF, 0.6 mL, 1.08 mmol) was added to the mixture, which was left stirring at room temperature for 2 h. The solvent was then evaporated off and the residue was partitioned between 2 m aqueous NaOH solution and CHCl 3 . The organic extracts were dried (MgSO 4 ) and the solvent was evaporated again. The residue was dissolved in warm MeOH and filtered to recover the macrocycle 8 (115 mg, 80 %) as a white crystalline powder. M.p. 143-144 8C; 9, 68.9, 70.2, 70.6, 70.7, 110.3, 114.2, 116.2, 119.6, 122.8, 136.9, 139.9, 146.0 3,5-dimethoxybenzaldehyde (2.44 g, 14. 68 mmol) in PhMe (120 mL) was heated under reflux for 20 h using a Dean-Stark apparatus. The resulting solution was evaporated to dryness, the residue dissolved in MeOH (250 mL), and NaBH 4 (1.85 g, 50 mmol) was added portionwise during 10 min. After stirring the reaction mixture under ambient conditions for 12 h, the solvents were removed in vacuo, and the residue was partitioned between H 2 O and CH 2 Cl 2 (250 mL). The aqueous layer was further extracted with CH 2 Cl 2 (3 250 mL), the combined organic extracts were dried (MgSO 4 ), and the resulting solution was evaporated to dryness to yield a colorless oil. The oil was subsequently dissolved in MeOH (200 mL), and TFA (10 mL) was added carefully. After stirring for about 10 min, the solvents were removed in vacuo to give a white solid, which was then dissolved in a mixture of H 2 O and Me 2 CO. Addition of an excess of saturated aqueous NH 4 PF 6 to this solution resulted in the precipitation of the desired compound, which was collected and dried to give [9-H 2 7, 54.8, 99.9, 107.7, 130.7, 132.4, 132.7, 161.3 3.47 (s, 12 H), 32 H), 4.19 (br s, 8 H), 4.62 (br s, 8 H), 4 H), 2 H), 6.47 (d, J = 7.5 Hz, 4 H), 6.54 (s, 4 H), 12 H), 7.56 (d, J = 7.5 Hz, 4 H), 7.96 (t, J = 7.5 8, 54.6, 67.4, 70.3, 71.0, 71.4, 100.8, 106.7, 109.9, 112.5, 119.7, 121.0, 122.0 128.9, 146.7, 161.0 [4]Rotaxane [12-H 3 ] [PF 6 ] 3 : A solution of 1 (9.5 mg, 0.07 mmol), 2 (26.5 mg, 0.07 mmol), and the trifurcated trisammonium salt [11-H 3 ] [PF 6 ] 3 (30 mg, 0.023 mmol) in CD 3 NO 2 (2 mL) was stirred at room temperature for 5 min. BH 3 ·THF (1.8 m in THF, 90 ml, 0.162 mmol) was added to the mixture, and the resulting solution was allowed to stir at room temperature overnight. The solvent was then evaporated off, and the residue was partitioned between 2 m aqueous NaOH and CHCl 3 . The organic extracts were dried and concentrated to give a solid, which was dissolved in Me 2 CO and few drops of TFA were added to the solution. The solvent was evaporated off, the residual oil was dissolved in a mixture of H 2 O and MeOH, and a saturated aqueous solution of NH 4 PF 6 was added. The MeOH was then removed, and the aqueous solution was extracted with CH 2 Cl 2 several times. The organic extracts were dried (MgSO 4 ) and the solvent was evaporated to dryness to yield the [4]rotaxane [12-H 3 16 H), 48 H), 12 H), 12 H), 6.23 (d, J = 1.8 Hz, 6 H), J = 1.9, 3 H), 6.45 (d, J = 7.6 Hz, 6 H), 18 H) 7.11 (d, J = 7.8 Hz, 6 H), 7.40 (d, J = 8.0 Hz, 6 H), 7.49 (d, J = 7.6 Hz, 6 H), 7.66 (s, 3 H), 7.86 (t, 7.5 Hz, 3 H), 9 .03 ppm (br s, 6 H); 13 C NMR (CD 3 COCD 3 , 125 MHz, 298 K): d = 49. 6, 52.4, 54.7, 67.3, 70.3, 71.0, 71.3, 100.8, 106.6, 110.0, 112.3, 119.4, 121.0, 122.0, 124.7, 127.2, 129.3 137.0, 138.2, 140.6, 141.2, 146.8, 158.9, 6 (80.7 mg, 0.174 mmol) in CD 3 NO 2 (6 mL) was stirred at room temperature for 5 min. BH 3 ·THF (1.8 m in THF, 260 ml, 0.468 mmol) was added to the mixture, which was stirred at room temperature overnight. The solvent was then evaporated off, and the residue was partitioned between 2 m aqueous NaOH and CHCl 3 . The organic extracts were dried and the solvent removed. The residue was dissolved in Me 2 CO and few drops of TFA were added to the solution. The solvent was evaporated off, the oily residue was dissolved in a mixture of H 2 O and Me 2 CO, and a saturated aqueous solution of NH 4 PF 6 was added. The Me 2 CO was then removed and the aqueous solution was extracted with CH 2 Cl 2 several times. The organic extracts were dried (MgSO 4 ) and the solvent concentrated to dryness to yield the bis [2] 7, 52.4, 54.6, 67.3, 70.4, 71.0, 71.3, 100.7, 106.7, 107.7, 109.9, 112.2, 119.2, 119.7, 121.1, 127.9, 134.1, 136.9, 146.5, 160.9 (25 mg, 0.034 mmol) in CD 3 NO 2 (2 mL) was stirred at room temperature for 5 min. BH 3 ·THF (1.8 m in THF, 100 ml, 0.180 mmol) was added to the mixture, which was stirred at room temperature overnight. The solvent was then evaporated and the residue was partitioned between 2 m NaOH aqueous and CHCl 3 . The organic extracts were dried 6, 67.6, 70.4, 70.8, 71.1, 100.9, 107.0, 110.4, 113.1, 119.6, 120.3, 120.9, 127.8, 130.0, 137.0, 138 X-ray crystallography: Table 1 summarizes the crystallographic data. The intensity data were collected on Bruker Smart 1000 CCD-based X-ray diffractometer, radiation Mo Ka (l = 0.71073 ); absorption correction:
semiempirical. The frames were integrated with the Bruker SAINT-program system [38a] by using a narrow-frame integration algorithm. The structures were solved by direct methods and refined based on F 2 using the SHELXTL software package.
[38b] CCDC-263073-CCDC-263075 contain the supplementary crystallographic data for this paper. These data can be obtained free of charge from The Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/data_request/cif. 
